SUMMARY Three urine samples were distributed to laboratories in the Trent and Yorkshire regions to assess their ability to detect glycosaminoglycans. Satisfactory results were obtained for samples from patients with Hunter's and Morquio's diseases but six of 14 laboratories reporting a result for a Sanfilippo sample missed the abnormality. Replies to a subsequent questionnaire showed that unsuccessful laboratories were not using recommended screening methods, that they lacked experience in testing for these diseases, and that rationalisation of such screening services may be indicated. 
SUMMARY Three urine samples were distributed to laboratories in the Trent and Yorkshire regions to assess their ability to detect glycosaminoglycans. Satisfactory results were obtained for samples from patients with Hunter's and Morquio's diseases but six of 14 laboratories reporting a result for a Sanfilippo sample missed the abnormality. Replies to a subsequent questionnaire showed that unsuccessful laboratories were not using recommended screening methods, that they lacked experience in testing for these diseases, and that rationalisation of such screening services may be indicated. Forty samples were distributed for the regional interlaboratory surveys and three of them were from patients with GAG storage diseases. The first two of these samples contained pronounced excesses of GAG which were detected by all laboratories returning a result. The third sample had only a moderate increase in GAG, and several laboratories failed to detect the abnormality. Information given in the returns for the last sample indicated that success in detecting the GAG abnormality depended on the GAG screening method used. A follow up questionnaire was sent to participants in the survey to request information about their methods and test strategies when screening for GAG disease. The results of this exercise are presented in this paper.
Material and methods
The first survey specimen to contain abnormal GAG was distributed to 10 laboratories in the Trent region in April 1983. It came from a 9 year old girl with Morquio's disease (GAG disease type IV) and had been stored for some years at -20 C. This girl was noted to have deformed lower limbs at 6 months of age and thereafter progressively developed the severe clinical and radiological features of this condition. 936 Biochemical confirmation of the disorder was obtained by the detection of increased GAG in urine (three. times the upper limit of normal) and by an appropriate electrophoretic pattern of increased keratan sulphate excretion (assay performed by the Institute of Child Health, London).
The second specimen was sent to 24 laboratories in the Trent and Yorkshire regions in 1984. It was a pooled collection of urine samples obtained at a mean age of 12 years from a boy with Hunter's disease (GAG type IIB). He was noted to have leg deformities at 3-years ofage and a more generalised dysplasia was detected on examination. A radiological survey indicated changes consistent with GAG disease and this was confirmed by a urinary GAG excretion more than three times the upper limit of normal, an appropriate electrophoretic pattern (assays performed at Birmingham Children's Hospital), and a much reduced serum iduronate-2-sulphate sulphatase activity (assay performed at University Hospital, Cardiff). The GAG type was characterised as Hunter IIB on account of the relatively mild clinical features including normal intelligence. Urine samples from this patient were stored at -20°C for some years, thawed the day before distribution, mixed well and divided into aliquots for dispatch. Increased GAG and appropriate electrophoretic excretion patterns in the samples were confirmed by the organising laboratory.
The 
Results
All eight laboratories which reported a GAG result for the first sample (Morquio's disease) and all 17 of those reporting a GAG result for the second sample (Hunter's disease) detected these abnormalities. The third sample was distributed to 24 laboratories of whom 14 reported results of GAG testing. Eight (57%) of these laboratories reported a correct result but 6 (43%) missed the abnormality. Twenty one (88%) replies were received to the 24 questionnaires sent out. Eighteen laboratories reported that they performed GAG testing and three referred all their samples to another centre. Thirteen of the respondents reported results for the third sample; thus five laboratories claiming to screen for GAG did not report on it and gave no reason. One laboratory which reported on this sample did not reply to the questionnaire. It was apparent from the returns for survey samples and the replies to the questionnaire that GAG testing was performed by 19 laboratories in the two regions.
The questionnaire respondents each screened between six and 300 samples (mean 59) in 1986. Over the previous five years they had detected 16 cases of GAG disease, nine ofwhich were reported by one centralised laboratory. Another laboratory detected four cases and three laboratories had detected one case each. Thus 13 laboratories screening for GAG disease in No (5) No (2) No (5) No (2) No (5) for sample 3 (6) ABS(l) AA(l) No reply(2) AA (2) none (3) Laboratories returning 43 CPC (1) QAB (l) Yes (5) Yes (2) Yes (3) Yes (3) Yes (5) these regions had detected no cases over the past five years. Strategies for GAG testing and the methods used by laboratories which replied to the questionnaire are given in table 2.
Discussion
All laboratories which indicated in their answers to the questionnaire that they used cetylpyridinium chloride/ citrate (CPC) or quantitative alcian blue assay (QAB) (for references to methods and the full list of abbreviations see footnote to table 2) as their first stage screening test, successfully detected the abnormality in the Sanfilippo sample. Testing strategies which failed to detect the abnormality are shown in table 2, and all included toluidine blue spot test (TBS), cetyltrimethylammonium bromide (CTAB), alcian blue spot test (ABS) or acid albumin (AA) as the primary screening method. Presumably the two laboratories which failed to detect the abnormality but had CPC or QAB as their second stage test did not progress beyond an initial negative screening result. One laboratory successfully detected the increased GAG in the Sanfilippo sample with a CPC test but their CTAB result was negative. Five laboratories admitted to GAG screening in the questionnaire but did not return a result for the Sanfilippo sample, although three of these laboratories had reported on previous GAG survey samples. No explanation was forthcoming for this inconsistency.
The results of these surveys confirm previous findings in individual laboratories that GAG abnormalities in specimens from Sanfilippo patients may be missed by non-quantitative screening methods.'" " Guidelines for GAG screening'" recommend that CPC or QAB methods be used to avoid false negative results. Quantitative methods (CPC or QAB) make allowance for variations in urine concentration (by reference to specific gravity or creatinine concentration) and provide age related reference ranges. It is also recommended that specimens should not be early morning collections, have creatinine concentrations of not less than 15 mmol/l and should not be infected. ' 12 It is apparent (table 2) that laboratories which successfully detected the Sanfilippo sample made greater use of GAG standards, creatinine corrections, and age related reference ranges than the unsuccessful laboratories. In most cases the use of such refinements would be dictated by the published method rather than result from the laboratory opting to employ them. By way ofcontrast, positive control samples were used by a greater proportion of laboratories which did not detect the Sanfilippo abnormality than those that did.
Possibly, these controls provided false security as two of those used by the unsuccessful laboratories were from type I patients, one was a normal urine sample supplemented with chondroitin sulphate, and one laboratory used controls of an unspecified type.
The GAG in the Sanfilippo sample may have become reduced or changed by the method of sample collection and filtration. Nevertheless, when tested by the organising laboratory prior to distribution the GAG values were one and a half times the upper limit of normal and the abnormality was detected by all laboratories using the recommended GAG methods.
The mean number of GAG tests performed in 1986 by the successful laboratories (table 2) was more than twice the number performed by the unsuccessful laboratories or by those returning no results. Of the 16 cases of GAG disease detected in the past five years by respondents to the questionnaire, 14 were reported by Rattenbury, Worthy, Allen 938 laboratories which detected the abnormality in the Sanfilippo sample. Therefore, not only were unsuccessful laboratories less practised at performing GAG tests, they also had little or no experience of detecting GAG disease. The 16 cases of GAG disease reported in the questionnaire would be an underestimate of the prevalence of these diseases in the two regions as they did not include samples sent directly to reference centres.
It is apparent from this exercise that in spite of published advice for GAG testing,'`laboratories continue to use inadequate methods. In two health regions more than a dozen different GAG testing strategies were found to be in use and if representative of the whole country suggest that a considerable number of laboratories may be using unsatisfactory GAG methods. Since 1986 a national quality assurance scheme for GAG screening methods has been organised from Bristol Maternity Hospital and the results from these distributions should provide a nationwide overview of the state of GAG testing. Until these results are available, the conclusion from the surveys and questionnaire conducted in the Trent and Yorkshire regions must be that screening for GAG disease should be by recommended quantitative methods. It could also be argued that screening success would be enhanced by the referral of samples to fewer centres as the experience of other quality assurance schemes (such as phenylketonuria (PKU) screening) is that overall performance improves when less successful laboratories (usually with smaller workloads) withdraw from testing so that screening is carried out in larger numbers at fewer centres.
